Endotoxin, the bacterial lipopolysaccharide (LPS), is a characteristic outer membrane entity of gram-negative bacteria and a potent inducer of inflammatory responses. Exposure to even low amounts of LPS leads to a dramatic release of inflammatory mediators that are thought to be responsible for the deleterious effects in septic shock, such as refractory hypotension, disseminated intravascular coagulation, and multiple organ failure, causing the high mortality rate in gram-negative sepsis (18) .
Several cell surface structures such as CD11c/CD18, the scavenger receptor, and the D-galactose receptor have been found to bind LPS, as have a number of serum components, namely, albumin, transferrin, bactericidal/permeability-increasing protein (BPI), and high-density lipoproteins. Many of these are involved in LPS detoxification (reviewed in reference 45). On the other hand, CD14, a 53-kDa glycosylphosphatidylinositol (GPI)-anchored protein together with LPS-binding protein (LBP) have been shown to play a substantial role in LPS-mediated cell activation (31, 54) . CD14 exists as a membrane GPI-anchored glycoprotein and a soluble plasma protein. Both forms of CD14 were shown to be involved in LPS signaling and cell activation, characterized by induction of tumor necrosis factor alpha (TNF-␣), interleukin 1 (IL-1), IL-6, and IL-8 (7, 45) . While membrane CD14 (mCD14) is involved in LPS activation of CD14-positive cells via complexes of LPS and LBP (21, 49, 54) , soluble CD14 (sCD14) was shown to mediate LPS activation on CD14-negative cells such as endothelial and epithelial cells (4, 16, 23, 40, 45, 49) . mCD14 is a GPI-anchored protein; therefore, a transmembrane, signaltransducing molecule for LPS has been assumed for many years (45, 49, 50, 52) . Human Toll-like receptor 2 and more recently Toll-like receptor 4 have been shown to mediate transmembrane LPS signaling by utilizing the NF-B signaling pathway in an LBP-dependent and CD14-enhancing manner (1, 11, 26, 32, 55) . The importance of CD14 as a coreceptor for LPS was clearly demonstrated by inhibition studies using blocking anti-CD14 antibodies (Abs) (7, 27, 38, 51) .
CD14 is primarily expressed on monocytes/macrophages but also on polymorphonuclear as well as nonmyeloid cells such as B cells and gingival fibroblasts (45, 47, 53, 56) . Endothelial and epithelial cell lines (ECLs) were used for studying the LPS effect on CD14-negative LPS-sensitive cells (16, 23, 40) . However, the expression of mCD14 and thus also the release of sCD14 by these cells have been only poorly investigated, usually by negative immunohistochemical staining (45) .
Protease-mediated shedding participates in generating sCD14, which reaches concentrations in plasma of 2 to 6 g/ml and is increased together with levels of acute-phase proteins during sepsis (3, 47) . The cellular source of sCD14 has not yet been clearly identified, as patients with paroxysmal nocturnal hemoglobinuria, who have a defect in GPI anchoring, do not express mCD14 on their monocytes yet possess normal levels of serum sCD14 (9) . Prolonged exposure to LPS was reported to down-regulate membrane expression of CD14 on monocytes (27) . In vivo, intestinal epithelial cells are continuously exposed to LPS in the gut and play an important role in mucosal innate immunity.
These facts led us to investigate in more detail the presence of both mCD14 and sCD14 as well as LPS activation of three human intestinal ECLs, SW-480, HT-29, and Caco-2. In this study we report that CD14 is expressed on, and more importantly also released as sCD14 by, human intestinal epithelial cells.
MATERIALS AND METHODS
Reagents and MAbs. LPSs used in this study were the phenol extract LPS from Escherichia coli serotype O55:B5, purified by ion-exchange chromatography, and phenol-extracted LPS from Salmonella enterica serovar Minnesota (Sigma, St. Louis, Mo.). LPS suspensions were prepared as 2 mg of sonicates per ml in pyrogen-free phosphate-buffered saline (PBS; Gibco BRL, Grand Island, N.Y.). Human albumin (endotoxin, Յ0.1 ng/mg) and phosphatidylinositol-specific phospholipase C (PI-PLC) were purchased from Sigma. 2 Ab and peroxidase-conjugated streptavidin (Immunotech) were used in secondary and tertiary labeling steps, respectively.
Cells and cell cultures. HT-29, SW-480, and Caco-2 human colonic adenocarcinoma cell lines were obtained from the European Type Culture Collection (Salisbury, United Kingdom). HT-29 and Caco-2 human ECLs were cultivated in Dulbecco's modified Eagle's medium (DMEM) (Sigma) containing 4.5 g of glucose per liter and supplemented with heat-inactivated 10% fetal bovine serum and 2 mM L-glutamine, whereas SW-480 cells were grown in RPMI 1640 medium (10% fetal bovine serum, 2 mM L-glutamine) containing 2 g of glucose per liter. All complete media were tested by the Limulus amebocyte lysate assay (Sigma) to be free of endotoxin. No antibiotics were added to these media, and cell lines were repeatedly screened for mycoplasma (PCR-based test; Statens Serum Institut, Copenhagen, Denmark) with negative results. Cell cultures were incubated at 37°C in humidified air maintained at 5% CO 2 . The cells were grown in plastic tissue culture flasks (Nunc, Roskilde, Denmark) and subcultured at confluence by employing trypsin-EDTA (Sigma). For further assays, cells were plated into 6-or 24-well plates (Costar, Acton, Mass.) with 3 or 1 ml of medium, respectively. On reaching confluence, the cells were rinsed with the corresponding medium and incubated with 10-fold serial dilutions of LPSs (E. coli serotype O55:B5, Salmonella serovar Minnesota) ranging from 0.01 ng/ml to 100 g/ml for 6, 8, 18, 24, and 48 h. Human albumin (Sigma) was used as a negative control.
In experiments evaluating a relation between the differentiation stage of epithelial cells and their level of mCD14 expression, HT-29 cells were cultivated in medium without glucose (Glc Ϫ ), as described by Zweibaum et al. (57) . In brief, HT-29 cells were cultivated in a special glucose-free DMEM (prepared at the Institute of Molecular Genetics, Czech Academy of Sciences), supplemented with 10% fetal bovine serum and 2 mM L-glutamine. After 20 days the surviving, selected HT-29 cells were subcultured using trypsin-EDTA (Sigma) and cultivated for the next three passages with a doubling time of approximately 5 days. At confluence, these differentiated, slowly growing HT-29 Glc Ϫ cells were then examined for their expression of CD14.
Finally, human peripheral blood mononuclear cells (PBMNC) were isolated from heparinized (10 U/ml) venous blood samples from healthy volunteers by Histopaque 1077 (Sigma) density gradient centrifugation (30 min at 400 ϫ g at ambient temperature). Cells were then washed with RPMI 1640 medium and used as a positive control in subsequent assays.
FACS analysis. Cell suspensions were prepared from confluent cells growing as monolayers in six-well plates (Costar) and detached from the surface using PBS with 0.02% EDTA (Sigma). Cells (5 ϫ 10 5 cells per sample) were then used for direct or indirect immunofluorescence staining. Thus, epithelial cells were incubated for 30 min with the mouse anti-human CD14 MAb MEM-15 or MEM-18 at a 1:500 dilution and then incubated for 30 min with secondary FITC-conjugated, goat anti-mouse IgG F(abЈ) 2 at a 1:200 dilution (Immunotech). For direct immunofluorescence staining, cells were incubated with FITCconjugated mouse anti-human CD11c or PE-conjugated mouse anti-human CD18 MAbs (Immunotech). FITC-and PE-conjugated isotype-matched (IgG1) antibodies (Immunotech) were used as controls. Furthermore, in order to exclude any nonspecific staining, both MEM-15 and MEM-18 anti-CD14 MAbs were tested on a CD14-negative human erythroblastic cell line, K562. Through the whole staining procedure cells were kept on ice in PBS containing 0.02% EDTA, 2% gelatine, and 0.01% NaN 3 (Sigma) and were washed twice between each step. Fluorescence was measured on a FACScan (Becton Dickinson & Co., San Jose, Calif.), and data respecting 10,000 live cells from each sample were collected according to the propidium iodide (FL-3) discrimination method. Changes in mean fluorescence intensity (MFI) were analyzed by WinMDI software version 2.8.
SDS-PAGE and Western blotting. Confluent epithelial cells were washed three times in corresponding culture media without fetal bovine serum, and 10 7 cells were incubated with 2 U of PI-PLC per ml in PBS at 37°C for 1 h. After centrifugation for 20 min at 1,000 ϫ g, this GPI protein-enriched cell-free supernatant (as described by Pugin et al. [40] ) was diluted in sample buffer (50 mM Tris-HCl [pH 7.6], 150 mM NaCl, and 10 mM EDTA, with a cocktail of the protease inhibitors aprotinin, phenylmethylsulfonyl fluoride, and leupeptin) (Sigma and Boehringer Mannheim, Mannheim, Germany) and heated at 90°C for 10 min, and 20 l of each sample in 2% sodium dodecyl sulfate (SDS) was subjected under nonreducing conditions to SDS-10% polyacrylamide gel electroforeseis (PAGE) in the discontinuous buffer system of Laemmli (28) . For detection of sCD14, cell-free supernatants which were obtained after 48 h of cell culture were concentrated three times on Centricon-10 concentrators (Amicon, Inc., Beverly, Mass.) and similarly assessed by SDS-10% PAGE. RT-PCR and sequencing of PCR products. Total RNA was isolated with Trizol (Gibco BRL), and single-stranded complementary cDNA was synthetized using 1 g of total RNA and 200 U of Superscript II reverse transcriptase (Gibco BRL) in a solution containing 50 mM Tris-HCl (pH 8.3), 75 mM KCl, 3 mM MgCl 2 , 10 mM dithiothreitol, a 1.5 M concentration of oligo(dT) [12] [13] [14] [15] [16] [17] [18] primers, and a 0.5 mM concentration of each deoxynucleoside triphosphate for 1 h at 37°C followed by 5 min at 75°C. Subsequently, 2 l of cDNA was specifically amplified by PCR with 2.5 U of Taq DNA polymerase (Top-Bio, Prague, Czech Republic) in a solution containing 10 mM Tris-HCl (pH 8.8), 50 mM KCl, 1.5 mM MgCl 2 , 0.2 mM each deoxynucleoside triphosphate, and 0.5 M each primer. The PCR conditions were as follows: 94°C for 1 min; 35 cycles of 94°C for 45 s, 57°C for 45 s, and 72°C for 2 min; and 72°C for 10 min as a final extension. Two sets of human-CD14-specific primers were used. The first one consisted of sense 5Ј GCT GGA CGA TGA AGA TTT CC 3Ј and antisense 5Ј ATT GTC AGA CAG GTC TAG GC 3Ј primers with expected product sizes of 535 bp. Contamination with genomic DNA was checked by omitting the Superscript II during reverse transcription (RT). Amplification without cDNA was carried out to assess later contaminations. The fact that the human CD14 gene contains a single intron after the initiation codon (15) has allowed us to design a set of spanning primers which give products of different sizes from genomic DNA and mRNA, 356 and 284 bp, respectively. The sequences of the primers were 5Ј GCT GTG TAG GAA AGA AGC TA 3Ј (sense) and 5Ј TTT AGA AAC GGC TCT AGG TTG 3Ј (antisense) (Genset, Paris, France). The PCR products and 100-bp PCR marker (Sigma) were run on 1.5% agarose gels stained with ethidium bromide and visualized with a UV transilluminator (UVP, Upland, Calif.). All amplifications, including RTs, were repeated at least three times.
Results were confirmed by manual sequencing of purified and cloned RT-PCR products obtained from the HT-29 ECL. Briefly, the band of interest (284 bp) was cut out from the agarose gel, boiled for 10 min, ethanol precipitated, and reamplified with the same set of primers and a trace of [␣-
32 P]dCTP (NEN, Boston, Mass.). Two microliters of the PCR mixture was then subjected to single-strand conformation polymorphism analysis on native polyacrylamide gel (5% acrylamide, 5% glycerol; Sigma) at 5 W for 12 h. After autoradiography, the major purified band was cut out from the unfixed polyacrylamide gel, rereamplified by PCR, and cloned into the pCR2.1 vector using a TA cloning kit with INV␣FЈ competent cells from Invitrogen (San Diego, Calif.). Isolated plasmid DNA was sequenced by using the M13 (Ϫ20) forward primer and a T7 sequencing kit from Pharmacia Biotech (Uppsala, Sweden).
IL-8 ELISA. The interleukin 8 (IL-8) concentration was determined in the undiluted cell culture supernatants collected after 8 and 24 h of cultivation with an enzyme-linked immunosorbent assay (ELISA) DuoSet kit from Genzyme (Cambridge, Mass.). The sensitivity of this assay was 20 pg/ml. An additional human IL-8 standard (1 g/ml) was kindly provided by M. Ceska (Sandoz Forschungsinstitut, Vienna, Austria) and used in parallel. All experiments were performed in 96-well flat-bottom Immuno-Maxisorp microtiter plates (Nunc). O-Phenylenediamine (Sigma) was used as a substrate for peroxidase, and absorption was measured with a Uniskan II microplate reader (Labsystems, Helsinki, Finland) at 405 nm.
NO production. Nitric oxide (NO) production was assessed as nitrite formation in 50 l of cell culture supernatants. Samples were incubated for 10 min at 37°C with Griess reagent (1% sulfanilamide, 0.1% naphtylethylendiamine, 2.5% FIG. 1. Flow cytometry analysis of CD14 and CD18 surface expression on HT-29, SW-480, and Caco-2 intestinal ECLs. Expression of CD14 was assessed by indirect immunofluorescence using anti-CD14, MEM-15, and MEM-18 MAbs (IgG1) at a 1:500 dilution followed by FITCconjugated, goat anti-mouse IgG F(abЈ) 2 (black profile). CD18 expression was assessed by direct immunoflourescence using PE-conjugated mouse anti-human CD18 (IgG1) MAb (black profile). FITC-and PE-conjugated isotype-matched (IgG1) Abs and staining without primary MAb were used as negative controls (gray profile). The data are expressed as cell number versus log fluorescence and are representative of two to five independent experiments. The highest mCD14 positivity is documented by MFI values. (Fig. 1) . Only very low positivity for mCD14 was detected on the SW-480 ECL. The three cell lines were found negative for both CD11c and CD18, thus excluding expression of another LPS-signaling receptor, CD11c/CD18 (e.g., see the data for CD18 staining shown in Fig. 1 ). All FACS experiments were repeated at least two times but on average were repeated four to five times, and two anti-CD14 MAbs, MEM-15 and MEM-18, were used in parallel.
RESULTS

Detection
Western blot analysis of supernatants from PI-PLC-treated cells was performed on SW-480, HT-29, and Caco-2 cells. As shown in Fig. 2 , the MEM-15 anti-CD14 MAb recognizes mCD14 on all three epithelial cell lines (Fig. 2) . Human PBMNC were used as a positive control, and anti-insulin isotype-matched MAb IN-05 was used as another internal control of these experiments. The results were further confirmed by employing several anti-CD14 MAbs such as MoP9, MEM-18, MoS39, and MoP15 (data from the HT-29 ECL are shown in Fig. 3) .
Finally, these results were further confirmed at the mRNA level by RT-PCR. We have used a set of primers spanning the intron sequence, which follows the initiation codon of the CD14 gene on chromosome 5 (15) . These primers give products of different sizes from genomic DNA and mRNA, 356 and 284 bp, respectively (Fig. 4) . The mRNA for CD14 was clearly and repeatedly detected in the Caco-2, HT-29, and SW-480 ECLs (Fig. 4) . Final verification of CD14 mRNA was achieved by sequencing the reamplified, single-strand-conformation polymorphism, gel-purified, and cloned RT-PCR product from HT-29 cells as described in Materials and Methods. 10 7 ) were incubated with 2 U of PI-PLC per ml at 37°C for 1 h, and 20 l of the GPI protein-enriched fraction was run under nonreducing conditions on SDS-10% PAGE, transferred to a nitrocellulose membrane, and stained with MEM-15 (IgG1) mouse anti-human CD14 MAb at a dilution of 1:500, followed by biotinylated goat anti-mouse IgG F(abЈ) 2 Ab and peroxidase-conjugated streptavidin. Bound proteins were visualized by the enhanced-chemiluminescence detection system, and PBMNC were used as a positive control. The figure shows the results of one experiment representative of four. Fig. 1 and 2 ), whereas the most differentiated cell line, Caco-2, displayed the highest surface expression of CD14 (MFI, 18.2) as documented by FACS analysis ( Fig. 1 and 5A ). In order to further evaluate a relation between the differentiation stage of epithelial cells and their expression of mCD14, HT-29 cells were cultivated in Glc Ϫ DMEM. The absence of glucose leads to the structural and enzymatic differentiation of selected HT-29 cells as described by Zweibaum et al. (57) . Both RT-PCR and Western blot analyses revealed clear CD14 expression on both undifferentiated and differentiated HT-29 cells (Fig. 4 and 5B). FACS analysis revealed no substantial differences in the levels of mCD14 expression between HT-29 and differentiated HT-29 Glc Ϫ cells (Fig. 5A) .
FIG. 3. SDS-PAGE and
Modulation of CD14 expression on SW-480, HT-29, and
Caco-2 epithelial cells. Figure 6a shows a constant presence of CD14 mRNA in the HT-29 cell line, irrespective of exposure to different doses of LPS. FACS analysis was employed for the final quantification of modulation of CD14 expression on the three ECLs. No remarkable differences measured as a shift in MFI (FL-1) were observed after cultivating the three epithelial cell lines with LPS from E. coli serotype O55:LB5 or Salmonella serovar Minnesota for 6, 18, 24, or 48 h. Taking into account the massive exposure of human enterocytes to LPS in the gut, quite high doses of LPSs were also included in our experiments, with concentrations from 0.01 ng/ml to 100 g/ ml. All experiments were repeated in at least two independent cell cultures, and the same concentrations of human albumin were used as negative controls. However, no substantial modulation of CD14 expression was recorded in any of the abovementioned cultivating arrangements (some data are presented in Fig. 6B) .
Human intestinal ECLs release sCD14 into supernatants. As sCD14 plays important roles in activation of both CD14-negative and CD14-positive cells and its cellular source remains unknown, we investigated the presence of sCD14 in the Supernatants from the differentiated HT-29 Glc Ϫ ECL cultivated in glucose-free medium have repeatedly revealed a higher background than those from the SW-480, Caco-2, and HT-29 ECLs (Fig. 7) . The spontaneously released form of CD14 displayed a typical multiple-band pattern of 53 and 48 kDa (Fig. 7) as described by Bažil et al. (2, 3) . SW-480 cells with the lowest expression of surface mCD14 were also characterized by a weak release of sCD14 into the supernatant, especially as regards the smaller band, corresponding to the protease-shed CD14 (2, 3) of about 48 kDa (Fig. 7) . Activation of human intestinal epithelial cells by LPS. Both SW-480 and HT-29 cell lines released IL-8 in response to 10-fold concentrations of LPS (E. coli O55:LB5) ranging from 0.01 ng/ml to 100 g/ml. A slight increase in the amount of IL-8 in supernatants was observed after 24 h of cultivation compared to that after 8 h (Fig. 8) . Although the amount of IL-8 displays a dose dependency in both cell lines, the highest dose of 100 g of LPS per ml already had an inhibitory effect. On the other hand, no LPS-induced production of IL-8 was detected in any of these cultivation arrangements with Caco-2 cells (Fig. 8) . In order to further investigate the activation of epithelial cells by LPS, production of NO measured as nitrite production was assessed. However, no detectable NO production was found in SW-480, HT-29, or Caco-2 epithelial cells exposed to LPS (data not shown). Thus, although all three cell lines express surface mCD14, only the SW-480 and HT-29 cell lines responded by IL-8 release to exposures to different doses of LPS.
DISCUSSION
In this study we demonstrate for the first time that CD14 is expressed as well as released as sCD14 from human intestinal epithelial cells. CD14 was detected on SW-480, HT-29, and Caco-2 human intestinal ECLs on both the protein and mRNA levels ( Fig. 1 to 4) . Its membrane expression was confirmed by repeated FACS and Western blot analyses using multiple anti-CD14 MAbs (Fig. 1 and 3) . Interestingly, a soluble form of CD14 was detected in cell-free cell culture supernatants from all three ECLs (Fig. 7) . Furthermore, only SW-480 and HT-29 and not Caco-2 ECLs were sensitive to LPS (Fig. 8) .
CD14 expression has been reported on nonmyeloid cells, such as B cells, or gingival fibroblasts (45, 47) . On the other hand, the astrocytoma cell line U373, smooth muscle cells, endothelial cells, and epithelial cells were used in studies dealing with LPS-mediated activation of CD14-negative cells via the sCD14 pathway (4, 16, 33, 40, 41, 45) . However, unlike for smooth muscle cells (33) , the expression of CD14 on human epithelial cells was not studied in detail. Our results showing that human intestinal adenocarcinoma ECLs express mCD14 ( Fig. 1 to 4 reported that bovine tracheal epithelial cells express CD14 mRNA. An in vivo study of mice showed extramyeloid, LPSinduced expression of CD14 mRNA in epithelial cells from several organs such as lung, kidney, and liver (12) . In addition, the up-regulation of CD14 mRNA was shown to be mediated also by TNF-␣ and IL-1␤ (13, 14) . No studies concerning the expression of CD14 mRNA by nonneoplastic human intestinal epithelial cells have been published.
Another cell surface molecule known to bind LPS, the ␤2 integrin of CD11c/CD18, was first considered in LPS clearance and detoxification (52) . Later, CD11c/CD18 was reported to mediate an activation signal after exposure to LPS (25) . The cell activation was not dependent on the presence of sera, and thus its role in infected tissues was proposed (25) . We wish to point out, however, that no expression of CD11c or CD18 was detected on HT-29, SW-480, and Caco-2 human intestinal ECLs (Fig. 1) .
Several studies reported, although with certain controversy, LPS-induced changes in the level of CD14 expression on myeloid cells. These effects occurred within a relatively short period of time (1 to 6 h) and were documented on both the protein and mRNA levels (3, 10, 34, 35, 56) . In our hands, no substantial modulation of CD14 expression was observed in the three ECLs, in spite of our using a wide range of LPS doses as well as timings (some data are presented in Fig. 6 ). We think that this may be due to the differences in levels of LPS-induced CD14 expression in myeloid cells compared to that in epithelial cells, in which TNF-␣ participates in mediating CD14 gene expression (13) . Although the three epithelial cell lines express mCD14 at levels correlating with their degree of differentiation (SW-480 Ͻ HT-29 Ͻ Caco-2) (Fig. 1) , we were not able to induce a substantial increase in the level of mCD14 by differentiating the HT-29 cell line in glucose-free medium (57) (Fig.  5A) .
The most differentiated, mCD14-positive ECL, Caco-2, which represents the closest model of in vivo enterocytes, does not secrete IL-8 after stimulation with LPS ( Fig. 8) (10) . It is of interest, however, that sodium butyrate, a metabolic product of intestinal bacterial fermentation of carbohydrates, enables IL-8 secretion in response to LPS as well as significantly enhancing IL-1␤-induced IL-8 secretion by Caco-2 cells (17) . Thus, additional stimuli, such as from physiological intestinal microflora, are necessary to promote LPS's effect on Caco-2 cells. Our recent experiments have shown that the blocking anti-CD14 MAb MEM-18 significantly reduced LPS-induced IL-8 release in both HT-29 and SW-480 ECLs, pointing to the involvement of mCD14 in their activation (unpublished data).
The fact that only SW-480 and HT-29, but not Caco-2, mCD14-positive ECLs responded to LPS by IL-8 release (Fig.  8) makes them a promising tool in studies of the role of the multiple receptor complex for LPS. The Toll-like 4 receptor was clearly shown as a trans-membrane signaling molecule for CD-14-enhanced LPS activation (1, 11, 32) . Nevertheless, signal transduction via the GPI anchor, a component of glycolipid-reach microdomains, which are associated with cytoplasmic protein tyrosine kinases and G proteins (5, 24) , cannot be ruled out, especially for CD14 receptor cross-linking (39) .
Although LPS-induced production of NO was reported in myeloid and endothelial cells (44, 45) , we observed no such effect with the intestinal ECLs. These data confirm the previous results of Salzman et al. (43) , who documented that an additional stimulus, e.g., gamma interferon, is required for promoting LPS-induced NO production by epithelial cells.
Of interest is our finding that all three intestinal ECLs released soluble forms of CD14 (Fig. 7) . In accordance with data published by Bažil and Strominger (3), sCD14 displayed a two-band pattern of 48 and 50 kDa on SDS-PAGE (Fig. 7) . While the smaller form of 48 kDa has been considered a product of protease-mediated shedding, the 50-kDa band has been suggested to represent a directly released form of sCD14 (2, 3) . Previous studies have shown opposite, dose-dependent effects of sCD14 on the activation of mCD14-positive cells (22) as well as its involvement in activating CD14-negative cells (16, 23, 40) . Thus, sCD14, together with other LPS-binding factors such as LBP, BPI, and high-density lipoproteins, is thought to play a central role in regulating responses to encountered gram-negative bacteria (22) .
It is generally known that human enterocytes in vivo do not express mCD14 at levels detectable by immunohistochemistry (40, 45, 46) . However, taking into account the number of epithelial cells in the mucosal compartment and the fact that polarized, basolateral secretion of various cytokines, e.g., chemokines as well as acute-phase plasma proteins, was described for human ECLs (29, 37) , even relatively low levels of release of sCD14 might maintain its level in serum. Several mechanisms can contribute to the decrease or loss of mCD14 expression. While monocytes and endothelial cells are activated by LPS during infection, intestinal epithelial cells are continuously exposed to LPS from gut microflora under physiological conditions. Prolonged exposure to LPS was shown to downregulate mCD14 expression on monocytes and to establish LPS tolerance (27) . Furthermore, the anti-inflammatory cytokines IL-4, a prevalent cytokine of the mucosal microenvironment, and IL-13 were reported to down-regulate CD14 expression on monocytes (6, 30) . Interestingly, human lamina propria macrophages almost do not express mCD14 (19, 46) unless inflammation is present, such as in inflammatory bowel disease (20, 42) or celiac disease (48) . In mice, TNF-␣ and IL-1␤ were shown to induce CD14 mRNA in nonintestinal epithelial cells (13, 14) . In addition, Meijssen et al. reported expression of CD14 mRNA in intestinal epithelial cells of IL-2 Ϫ/Ϫ mice, which develop inflammatory bowel disease resembling human ulcerative colitis (36) . These data suggest that the healthy mucosal microenvironment down-regulates mCD14 expression but that inflammatory processes lead to its up-regulation (13, 14, 19, 20, 36, 42, 46) .
Our observations that human intestinal ECLs express and release CD14 raise the possibility that enterocytes may be a source of sCD14 in humans. In conclusion, we suggest that the ability of intestinal epithelial cells to express and release CD14 may be of importance in maintaining the intricate balance between "self" and the external environment in the gut. This work was supported by grants A7020808, A7020716, and C6020801 from the grant agency of the Czech Academy of Sciences; grants VS96149 and KONTAKT178 from the grant agency of the Ministry of Education; grant 306/98/0433/00/1373 from the grant agency of the Czech Republic; and a grant from the EU project QLGI-1999-00050.
